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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  
____________ 

 
CABLE NETWORKS FOR TELEVISION  SIGNALS,   
SOUND SIGNALS AND INTERACTIVE SERVICES –  

 
Part 7-1 :  Hybrid  Fibre  Coax Outside  Plant status  moni toring  –  

Physical  (PHY)  layer specification  
 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i n g  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard izati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by  I EC Nationa l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsib le  for the  way i n  wh ich  they are  used  or for an y 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ib le  i n  thei r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestati on  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for an y 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  o r 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of IEC  60728-7-1  bears  the  ed i tion  number 1 . 1 .  I t  consists  of 
the  fi rst  ed i tion  (2003-1 0)  [documents  1 00/576/CDV and  1 00/683/RVC]  and  i ts  
amendment 1  (201 5-04)  [documents  1 00/241 7/FDIS  and  1 00/2481 /RVD] .  The techn ical  
content  i s  identical  to  the  base  ed i tion  and  i ts  amendment.  

In  th is  Red l ine version ,  a  vertical  l i ne  in  the  margin  shows where the technical  content  
i s  mod ified  by amendment 1 .  Addi tions  and  deletions  are  d isplayed  in  red ,  wi th  
deletions  being  struck through .  A separate  Final  version  with  al l  changes  accepted  i s  
avai lable  in  th is  publ ication .  
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I n ternational  Standard  I EC 60728-7-1  has  been  prepared  by techn ical  area  5:  Cable  networks  
for te levision  s ignals ,  sound  s ignals  and  i n teractive  services,  of I EC techn ical  committee  1 00 :  
Aud io,  video  and  mu l timed ia  systems and  equ ipment.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con tents  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  under 
"h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

The  fol l owing  d i fferences  exist i n  some countries:  

The  J apanese de facto  s tandard  (NCTEA S-006)  concern ing  requ irements  for the  HFC  
ou ts ide  p lan t management,  wh ich  was  publ ished  i n  1 995,  has  a l ready been  avai lable  i n  
Japan.  The  purpose  of th is  standard  i s  to  support the  des ign  and  implementation  of 
i n teroperable  management systems for HFC  cable  networks  used  in  Japan .  (see  Table  4)  

 

IMPORTANT – The 'colour inside'  l ogo on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore prin t th is  document using  a  
colour prin ter.  
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INTRODUCTION  

Standards  of the  I EC  60728  series  deal  wi th  cable  networks  for te levision  s ignals,  sound  
s ignals  and  i n teractive  services  i nclud ing  equ ipment,  systems and  instal lations  for 

  head-end  reception ,  processing  and  d istribu tion  of te levis ion  and  sound  s ignals  and  thei r 
associated  data  signals,  and  

  processing ,  i n terfacing  and  transmi tting  a l l  kinds  of s ignals  for i n teractive  services   

us ing  a l l  appl icable  transmission  med ia.  

Al l  kinds  of networks  l i ke  

  CATV-networks,  

  MATV-networks  and  SMATV-networks,  

  i nd ividual  receiving  networks  

and  a l l  kinds  of equ ipment,  systems  and  instal lations  i nstal l ed  i n  such  networks,  are  wi th in  
th i s  scope.  

Standards  and  other del iverables  of the  I EC  60728  series  deal  wi th  cable  networks  i nclud ing  
equ ipment and  associated  methods  of measurement for headend  reception ,  processing  and  
d istribu tion  of te levis ion  and  sound  s ignals  and  for processing ,  i n terfacing  and  transmi tting  a l l  
kinds  of data  signals  for i n teractive  services  using  a l l  appl icable  transmission  med ia.  These  
s ignals  are  typical l y transmi tted  in  networks  by frequency-mu l tip lexing  techn iques.  

Th is  i ncludes  for i nstance  

  reg ional  and  l ocal  broadband  cable  networks,  

  extended  satel l i te  and  terrestria l  te levision  d istribu tion  systems,  

  i nd ividual  satel l i te  and  terrestria l  te levision  receiving  systems,  

and  a l l  kinds  of equ ipment,  systems  and  i nstal lations  used  i n  such  cable  networks,  d i stribu tion  
and  receiving  systems.  

The  exten t of th is  standard ization  work i s  from  the  an tennas,  and /or special  s i gnal  source  
i npu ts  to  the  headend  or other i n terface  poin ts  to  the  network up  to  the  system  ou tlet or the  
terminal  i npu t,  where  no  system  ou tlet exists  of the  customer premises  equ ipment.  

The  standard ization  work wi l l  consider coexistence  wi th  users  of the  RF  spectrum  in  wi red  
and  wi reless  transmission  systems.  

The  standard ization  of any user terminals  ( i . e .  tuners,  receivers,  decoders,  mu l timed ia  
terminals,  etc. )  as  wel l  as  of any coaxial  and  optical  cables  and  accessories  therefore  thereof 
i s  excluded .  
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CABLE NETWORKS FOR TELEVISION  SIGNALS,   
SOUND SIGNALS AND INTERACTIVE SERVICES –  

 
Part 7-1 :  Hybrid  Fibre  Coax Outside  Plant status  moni toring  –  

Physical  (PHY)  layer specification  
 
 
 

1  Scope  

This  part of I EC  60728  speci fies  requ irements  for The  H ybrid  F ibre  Coax (HFC)  Ou tside  P lan t 
(OSP)  Physical  (PHY)  Layer Speci fication  and  i s  part  of the  series  of speci fications  developed  
by the  H ybrid  Management Sub-Layer (HMS)  subcommittee  under the  SCTE.  The  purpose  of 
the  HMS speci fication  is  to  support the  design  and  implementation  of i n teroperable  
management systems for evolving  HFC cable  networks.  The  HMS Phys ical  (PHY)  Layer 
Speci fication  describes  the  phys ical  layer portion  of the  protocol  stack used  for 
communication  between  HMS-compl ian t transponders  in terfacing  to  managed  outs ide  plant  
network e lements  (NE)  and  a  cen tral i zed  head-end  e lement (HE) .   

Th is  standard  describes  the  PHY layer requ i rements  that must be  implemented  by a l l  Type 2  
and  Type 3  compl iant OSP HMS transponders  on  the  HFC p lan t and  the  control l i ng  equ ipment 
i n  the  head-end .  Any exceptions  to  compl iance  wi th  th is  standard  wi l l  be  speci fical l y noted  
herein  as  necessary.  Refer to  Table  1  for a  fu l l  defin i tion  of the  type  class i fi cations.  

E lectromagnetic Compatib i l i ty (EMC)  is  not speci fied  i n  th is  standard  and  i s  l eft to  the  vendor 
to  ensure  compl iance  wi th  local  EMC regu latory requ irements .  Other than  operati ng  
temperature,  physical  parameters  such  as  shock,  vibration ,  hum id i ty,  etc. ,  are  a lso  not 
speci fied  and  left  to  the  vendor’s  d iscretion .  

Transponder type  class i fi cations  referenced  wi th in  the  HMS series  of standards  are  defined  in  
Table  1 .  

Table  1  – Transponder type classifications   

Type  Description  Appl ication  

Type  0  
Refers  to  l egacy transponder 
equ i pment,  wh ich  i s  i ncapable  of 
supporti ng  the  HMS  speci fi cations  

Th i s  transponder i n terfaces  wi th  l egacy network equ ipment  
through  proprietary means.   

Th i s  transponder cou l d  be  managed  through  the  same 
management  appl i cations  as  the  other types  th rough  proxi es  
or other means  at  the  head -end  

Type  1  

Refers  to  stand -al one  transponder 
equ i pment  ( l egacy or new)  wh i ch  can  
be  upgraded  to  support  the  HMS  
speci fi cations  

Th i s  transponder i n terfaces  wi th  l egacy network equ ipment 
through  proprietary means.   

Type  1  i s  a  s tandards-compl ian t  transponder (e i ther 
manufactured  to  the  standard  or u pg raded )  that  connects  to  
l egacy network equ ipment vi a  a  proprietary i n terface  

Type  2  
Refers  to  a  s tand -al one,  HMS-
compl ian t  transponder 

Th i s  transponder i n terfaces  wi th  network equ i pment designed  
to  support  the  e l ectri ca l  and  physical  speci fi cations  defi ned  i n  
the  HMS  standards.   

I t  can  be  factory or fi e l d -i nstal l ed .   

I ts  RF  connection  i s  i ndependent  of the  mon i tored  NE   

Type  3  
Refers  to  a  s tand -al one  or embedded ,  
HMS-compl ian t  transponder 

Th i s  transponder i n terfaces  wi th  network equ i pment designed  
to  support  the  e l ectri ca l  speci fi cati ons  defi ned  i n  the  HMS  
standards.   

I t  may or may not  support  the  physica l  speci fi cations  defi ned  
i n  the  HMS  standards.   

I t  can  be  factory-i nstal l ed .  I t  may or may not  be  fi e l d -i nstal l ed .   

I ts  RF  connection  i s  th rough  the  mon i tored  NE  
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2  Normative references   

None.  

3 Terms,  defin i tions  and  abbreviations  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i ti ons  apply.  

3. 1   
forward  spectrum  path  band  
the  pass-band  conti nuous  set of frequencies  i n  HFC cable  systems wi th  a  lower edge  of 
between  48  MHz and  87, 5  MHz,  depend ing  on  the  particu lar geograph ica l  area,  and  an  upper 
edge  that i s  typical l y i n  the  range  of 300  MHz to  860  1  000  MHz depend ing  on  implementation  

Note  1  to  en try:  Due  to  d i fferent  channel  spacing  p l ans  i n  use,  th i s  upper frequency l im i t  may not  be  exactl y  
1  000  MHz,  bu t  some  megahertz h i gher,  e . g .  1  002  MHz or 1  006  MHz.  The  notati on  1  000  MHz i n  th i s  s tandard  i s  
i n tended  to  i ncl ude  such  smal l  deviations.  

3.2   
fu l l  spectrum  path  band  
combined  combination  of forward  and  return  spectrums  path  band  and  return  path  band  i n  
HFC cable  systems  and  excludes  exclud ing  any guard  band  

3.3   
guard  band  
unused  frequency band  between  the  upper edge  of the  usable  retu rn  spectrum  path  band  and  
the  l ower edge  of the  usable  forward  spectrum  path  band  i n  HFC cable  systems 

3.4  
network element (NE)  
active  e lement i n  the  ou tside  p lant that i s  capable  of receiving  commands  from  a  head-end  
e lement (HE)  i n  the  head-end  and ,  as  necessary,  provid ing  status  i n formation  and  alarms  
back to  the  HE  

3.5   
open  system  in terconnection  (OSI )  
framework of I n ternational  Organ ization  for Standard ization  ( I SO)  s tandards  for commu-
n ication  between  mu l ti -vendor systems that organ izes  the  communication  process  i n to  seven  
d i fferent categories  that are  p laced  i n  a  l ayered  sequence based  on  the  re lationsh ip  to  the  
user.  Each  layer uses  the  layer immed iate l y below i t  and  provides  services  to  the  layer above.  
Layers  7  th rough  4  deal  wi th  end -to-end  commun ication  between  the  message source  and  
destination ,  and  l ayers  3  through  1  deal  wi th  network functions  

3.6   
physical  (PHY)  l ayer 
l ayer 1  i n  the  Open  System  I n terconnection  (OSI )  arch i tecture;  the  l ayer that  provides  
services  to  transm it b i ts  or groups  of b i ts  over a  transm iss ion  l ink between  open  systems  and  
wh ich  entai ls  e lectrical ,  mechan ica l  and  handshaking  procedures  

3.7   
return  spectrum  path  band  
pass-band  con tinuous  set of frequencies  i n  HFC cable  systems wi th  a  l ower edge  of 5  MHz 
and  an  upper edge  that  i s  typica l l y i n  the  range  of 42  MHz to  65  MHz depend ing  on  the  
particu lar geograph ical  area  

Copyright International  Electrotechnical  Commission  



 – 8  – I EC 60728-7-1 : 2003  

  +AMD1 : 201 5  CSV   I EC  201 5  

3.8   
transponder 
device  i n  the  ou ts ide  p lant that i n terfaces  to  ou ts ide  p lan t NEs  and  re lays  status  and  a larm  
i n formation  to  the  HE.  I t  can  i n terface  wi th  an  active  NE  via  an  arrangement of paral le l  
analogue,  paral l e l  d i g i ta l  and  seria l  ports  

3.9   
un-modulated  carrier 

carrier resting  on  the  ‘mark’  frequency rather than  on  the  channel ’s  cen tre  frequency 

3. 1 0  Abbreviated  terms  

ANSI  American  National  Standards  I nsti tu te  

BER B i t  Error Rate  

C/R Carrier-to-Noise  Ratio  

C/(N+I )  Carrier to  Noise-plus- I n terference  Ratio   

CW Continuous  Wave  

EMC E lectromagnetic Compatib i l i ty  

FSK Frequency Sh i ft  Keying   

HE  Head-end  E lement  

HFC Hybrid  F ibre  Coax 

HMS  Hybrid  Management Sub-Layer 

LSB  Least S ign i ficant  B i t  

MSB  Most S ign i fican t B i t   

NE  Network E lement  

MAC Med ia  Access  Control  

OSP  Outs ide  P lan t  

PHY Physica l   

RF  Rad io  Frequency 

SCTE  Society of Cable  Telecommunications  Eng ineers  

4 HMS reference archi tecture  forward  and  return  channel  speci fications  

The  reference  arch i tecture  for the  HMS  series  of speci fications  is  i l l ustrated  i n  F igure  1 .   

Status
Monitoring

Device

Headend
Status

Monitoring
Equipment

RF
RECEIVER

RF
TRANSMITER

RF
TRANSMITER

RF
RECEIVER

RF
Splitter

RF
Combiner

Optical
Receiver

Laser

Laser

Optical
Receiver

RF Amplifier Chain

Fiber Node

Diplexer *

* The diplexer filter may be included as part of the network element to which the
transponder interfaces,  or it may be added separately by the network operator.

CB A

IEC   2293/03
 

Figure 1  – HMS reference  arch i tecture d iagram   
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Al l  quanti ti es  re lating  to  forward  channel  transm ission  or reverse  channel  reception  are  
measured  at  poin t A i n  F i gure  1 .  Al l  quanti ties  re lati ng  to  forward  channel  reception  or reverse  
channel  transm ission  are  measured  at poin t B  for two-port devices  and  poin t C  for s ing le  port 
devices  as  shown  i n  F igu re  1 .   

4. 1  HMS speci fication  documents  

A l i st  of documents  i n  the  HMS speci fications  fam i l y i s  provided  in  Table  2 .  

Table  2  – HMS document fami ly  

HMS  notation   Ti tl e  

SCTE  HMS PHY HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Phys ical  (PHY)  Layer Speci fi cation  

SCTE  HMS MAC  
HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Med ia  Access  Control  (MAC)  Layer 
Speci fi cation  

SCTE  HMS PSTIB  
HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Power Supply to  Transponder 
I n terface  Bus  (PSTIB)  Speci fi cation   

SCTE  HMS ALARMS  MIB  HMS  Alarms  Management  I n formation  Base   

SCTE  HMS COMMON  M IB  HMS  Common  Management  I n formation  Base  

SCTE  HMS FIBERNODE  M IB  HMS  F i ber Node  Management  I n formation  Base  

SCTE  HMS PROPERTY MIB  HMS  Alarm  Property Management I n formation  Base  

SCTE  HMS PS  M IB  HMS  Power Supply Management  I n formation  Base  

SCTE  ROOT MIB  SCTE  Root  Management  I n formati on  Base  

SCTE  HMS GEN  M IB  HMS  Power Supply Generator Management I n formation  Base  

SCTE  HMS TIB  M IB  HMS  Transponder I n terface  Bus  Management  I n formation  Base  

SCTE  HMS DOWNLOAD M IB  HMS  Transponder F i rmware  Down l oad  Management  I n formation  Base  

SCTE  HMS TREE  MIB   HMS  Root Object  I denti fi ers  Management I n formation  Base  

4.2  Functional  assumptions  

4.2. 1  Forward  path  band  and  return  spectrum  path  band   

The  forward  spectrum  path  band  i n  HFC cable  systems  refers  to  the  pass  band  con tinuous  set  
of frequencies  wi th  a  l ower edge  of between  48  MHz and  87, 5  MHz,  depend ing  on  the  
particu lar geograph ical  area,  and  an  upper edge  that i s  typica l l y in  the  range  of 300  MHz to  
860  1  000  MHz depend ing  on  implementation .  Analogue  te levis ion  s ignals  i n  6  MHz or 8  MHz 
channels  are  assumed  to  be  present on  the  forward  spectrum  path  band  as  wel l  as  other 
narrowband  and  wideband  d ig i ta l  s ignals .   

The  return  spectrum  path  band  i n  HFC cable  systems  refers  to  the  pass  band  of frequencies  
wi th  a  l ower edge  of 5  MHz and  an  upper edge  that i s  typ ical l y i n  the  range  of 42  MHz to  
65  MHz depend ing  on  the  particu lar geograph ical  area.  Narrowband  and  wideband  d ig i ta l  
s i gnals  may be  presen t on  the  return  spectrum  path  band  as  wel l  as  analogue  te levis ion  
s i gnals  i n  6  MHz or 8  MHz channels.   

The  fu l l  spectrum  path  band  i n  HFC cable  systems  refers  to  the  combined  forward  and  return  
spectrums  path  bands  and  excludes  any guard  band .  The  guard  band  refers  to  the  unused  
frequency band  between  the  upper edge  of the  usable  return  spectrum  path  band  and  the  
l ower edge  of the  usable  forward  spectrum  path  band .  Speci fic l im i ts  on  forward  and  return  
spectrum  path  band  for various  geograph ical  areas  are  detai led  i n  Table  3.   
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Table  3  – Spectral  l imi ts  by geographical  area  (North  America and  Europe)  

Geography 

Retu rn  spectrum  path  band  Forward  spectrum  path  band  

M in imum   
frequency 

Guard  band   
l ower l im i t 

Guard  band  
upper l im i t 

Maximum  
frequency 

North  America  5  MHz  42  MHz 48  MHz 1  000  GHz 

Europe  1  5  MHz  30  MHz 47  MHz 862  MHz 

Europe  2  5  MHz  50  MHz 70  MHz 862  1  000  MHz 

Europe  3  5  MHz  65  MHz 87, 5  MHz 862  1  000  MHz 

 

4.2.2  Transmission  l evels  

The nom inal  l evel  of the  forward  spectrum  path  band  HMS carrier(s)  i s  targeted  to  be  no  
h igher than  –1 0  dB  re lati ve  to  analogue  vi deo  nom inal  carrier l evels .  The  nom inal  power level  
of the  return  spectrum  path  band  HMS carrier(s)  wi l l  be  as  l ow as  poss ib le  to  ach ieve  the  
requ ired  marg in  above noise  and  i n terference.  Un i form  power l oad ing  per un i t bandwid th  is  
commonl y fo l l owed  i n  setting  s ignal  l evels  on  the  return  spectrum  path  band ,  wi th  speci fic  
l evels  establ ished  by the  cable  network operator to  ach ieve  the  requ ired  carrier-to-noise  and  
carrier-to- in terference ratios.  

5 Physical  layer specification  

This  cl ause  describes  vers ion  1 . 0  of the  HMS PHY layer speci fication .  The  PHY l ayer 
describes  ru les  that govern  the  transm ission  of bytes  from  one  device  to  another.  The  speci fic  
requ irements  of the  HMS  PHY layer are  detai l ed  i n  th is  clause.  

5. 1  Separate  forward  and  return  channels   

The one-way communication  channel  from  the  HE  to  a  managed  OSP NE  i s  referred  to  as  the  
forward  channel .  The  one-way commun ication  channel  from  a  managed  OSP NE  to  the  HE  i s  
referred  to  as  the  return  channel .  Both  the  forward  and  the  return  channels  are  p laced  on  
speci fic cen tre  frequencies.  The  forward  and  return  channels ’  cen tre  frequencies  are  d i fferent.  
S ince  the  NEs  on l y l i sten  to  the  forward  channel ,  they cannot l i s ten  to  return  channel  
transm issions  from  other NEs.  Th is  channel  separation  i s  a  resu l t of the  sub-band  sp l i t  
between  the  forward  and  return  portions  of the  typ ical  HFC  p lant spectrum .   

5.2  Single  forward  and  return  path  channels   

To keep  management of carrier frequencies  s imple,  each  HMS-based  status  mon i toring  
system  has  a  s ing le  forward  channel  and  a  s ing le  return  channel .  Th is  does  not preclude  the  
use  of mu l ti p le  mon i toring  systems,  each  wi th  i ts  own  i nd ividual  forward  and  return  RF  
channels .   

5.3  Byte-based  transmission   

The phys ical  l ayer provides  byte-based  commun ications  in  both  d i rections,  between  a  
managed  NE  and  the  head-end .  I t  de l i vers  bytes  from  one  end  of the  channel  to  the  other end  
of the  channel .   

5.4  Byte  formats  and  transmission  order  

Bytes  on  both  forward  and  return  channels  are  ten  b i ts  i n  l ength .  They con tain  one  s tart b i t,  
e ight b i ts  of data,  and  one  s top  b i t.  The  s tart b i t  has  b i nary va lue  ‘0 ’ ,  and  the  stop  b i t  has  
b inary value  ‘ 1 ’ .  

Throughou t th is  standard ,  b i ts  l abel l ed  ‘0 ’  are  the  l east  s i gn i fican t b i ts  (LSBs).  The  LSB  of a  
s i ng le  byte  i s  a lways  transm i tted  fi rst fo l l owing  the  start  b i t.  B i ts  l abel l ed  ‘7 ’  are  the  most 
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s i gn i ficant b i ts  (MSBs).  The  MSB of a  s i ng le  byte  i s  a lways  transm i tted  l ast fo l l owed  by the  
stop  b i t.  The  transm iss ion  order i s  summarized  in  F igure  2 .   

 

Figure  2  – Bi t  transmission  order 

5.5  Packet-based  transmission   

Transm ission  i n  both  forward  and  return  channels  i s  implemented  using  packets.  
Transm ission  on  the  forward  channel  i s  continuous;  there  is  no  gap  in  RF  outpu t between  
packets.  Packets  are  separated  by a  con ti nuous  sequence of b i ts  having  value  ‘ 1 ’ ,  i . e .  ‘mark’  
tone.  The  channel  i s  sa id  to  ‘ rest on  mark’  between  packets.   

Transm ission  on  the  return  channel  i s  accompl ished  wi th  burst packets.  Packets  are  
separated  by periods  of s i l ence  when  the  transm i tter i s  tu rned  off.  Burst communication  i s  
used  i n  the  return  path  of HFC  systems because  of i ts  abi l i ty to  solve  the  many-to-one  
mu l tip le  access  characteristic  by a l l owing  term inals  to  ‘ take  turns’  transm itti ng .   

5.6  Duplex operation   

The phys ica l  layer implementation  i n  HMS-compl ian t transponders  in terfacing  to  OSP NEs  
shal l  support ha l f-duplex operation .  There  i s  no  requ i rement for fu l l -duplex operation .   

5.7  Forward  and  return  channel  specifications   

HMS PHY channel  RF  and  modu lation  speci fications  for the  forward  and  return  commun i -
cations  channels  are  shown  i n  Table  4 .  Descriptions  of each  parameter are  provided  fol lowing  
that tab le.  Any exceptions  to  compl iance  wi th  the  speci fications  i n  Table  4  wi l l  be  speci fical l y 
noted  in  th is  document as  necessary.   

IEC   2294/03  
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Table  4 – HMS PHY channel  RF  and  modu lation  specifications   

I tem  HE  Transponder 

Transm i t  power l evel  
n ote  1

 + 1 00  dB(µV)  to  + 1 1 1  dB(µV)  +85  dB(µV)  to  +1 05  dB(µV)  

Transm i t  power accu racy ±2  dB  ±3  dB  

Transm i t  power step  s i ze  2  dB  2  dB  

Transm i tter frequencies  
n ote  2

 

( reference  North  American)  

48  MHz to  1 62  MHz,  i n  6  MHz bands:  

 1 )  48  MHz to  54  MHz 
 2 )  54  MHz to  60  MHz (Channel  2 )  
 3)  60  MHz to   66  MHz (Channel  3 )  
 4 )  66  MHz to  72  MHz (Channel  4)  
 5)  72  MHz to  78  MHz 
 6)  78  MHz to  84  MHz (~  Channel  5)  
 7 )  84  MHz to  90  MHz (~  Channel  6)  
 8)  90  MHz to  96  MHz (A-5)  
 9)  96  MHz to  1 02  MHz (A-4)  
 1 0)  1 02  MHz to  1 08  MHz (A-3)  
 1 1 )  1 08  MHz to  1 1 4  MHz (A-2)  
 1 2)  1 1 4  MHz to  1 20  MHz (A-1 )  
 1 3)  1 20  MHz to  1 26  MHz (Channel  1 4)  
 1 4)  1 26  MHz to  1 32  MHz (Channel  1 5)  
 1 5)  1 32  MHz to  1 38  MHz (Channel  1 6)  
 1 6)  1 38  MHz to  1 44  MHz (Channel  1 7)  
 1 7)  1 44  MHz to  1 50  MHz (Channel  1 8)  
 1 8)  1 50  MHz to  1 56  MHz (Channel  1 9)   
 1 9)  1 56  MHz to  1 62  MHz (Channel  20)   

5  MHz to  21  MHz,  i n  4  MHz bands:  

 1 )  5  MHz to  9  MHz  
 2 )  9  MHz to  1 3  MHz 
 3)  1 3  MHz to  1 7  MHz 
 4)  1 7  MHz to  2 1  MHz  

 

Transm i tter tun i ng  range  Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  
6  MHz frequency operati ng  ranges  

Fu l l y ag i l e  wi th i n  each  of the  speci fi ed   
4  MHz frequency operati ng  ranges  

Transm i tter frequency s tep  
s i ze  

1 00  kHz 1 00  kHz  

Transm i tter frequency 
accuracy 

note  3
 

±1 0  kHz ±1 0  kHz 

Transm i tter cu t-off Not  appl i cable  1  s  

Transm i tter spu rious  
em iss ions  ou ts ide  operati ng  
channel  bandwid th  du ri ng  
ON  state  

n ote  4
 

–65  dB  over the  forward  spectrum  path  
band  

(referenced  to  the  unmodu l ated  forward  
carri er)   

–55  dB  over the  fu l l  spectrum  path  band  

(referenced  to  the  unmodu l ated  forward  
carri er)  

Transm i tter conducted  
spuri ous  em iss ions  ou ts ide  
operati ng  channel  
bandwi d th  d uri ng  OFF  state  

Not appl i cable  S ing le  port  devices:   

25  dB(µV),  5  MHz to  1 000  MHz  

Dual  port  devices,  Transm i t  port:  

25  dB(µV),  5  MHz to  200  MHz 

45  dB(µV),  200  MHz to  1 000  MHz 

Dual  port  devices,  Receive  port:   

45  dB(µV),  5  MHz to  50  MHz 

25  dB(µV),  50  MHz to  1 000  MHz 

Spectral  shape  <400  kHz @1 00  dB/Hz,   
48  MHz to  1 62  MHz 

(referenced  to  the  unmodu l ated  forward  
carri er)  

<800  kHz @95dB/Hz,  5  MHz to  1 3  MHz 

<400  kHz @95dB/Hz,  1 3  MHz to  21  MHz 
(referenced  to  the  unmodu l ated  forward  
carri er)  

Transm i tter out-of-band  
noi se  suppression  

C/N  of better than  –60  dB  wi th  a  4  MHz 
measurement  bandwid th ,  across  the  
forward  spectrum  path  band .   

(referenced  to  the  unmodu l ated  forward  
carri er)  

 

Transm i t  nom inal  
impedance  

75  Ω  75  Ω  

Transm i t  retu rn  l oss  8  dB  or better across  forward  spectrum  
path  band  

1 2  dB  or better 

Maximum  ramp-up  time  Not  appl i cable  1 00  µs  from  1 0  %  to  90  %  of peak power 

Maximum  ramp-down  time  Not  appl i cable  1 00  µs  from  90  %  to  1 0  %  of peak power 

Transm i tter fron t  porch  time  Not  appl i cable  600  µs  to  1 , 2  ms  

Recei ver d ynam ic range  40  dB(µV)  to  +80  dB(µV)  40  dB(µV)  to  +80  dB(µV)  
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I tem  HE  Transponder 

Recei ver tun i ng  range  Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  
4  MHz retu rn  frequency operati ng  
ranges  

Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  6  MHz 
forward  frequency operati ng  ranges  

Recei ver frequency s tep  
s i ze  

1 00  kHz  1 00  kHz 

Recei ver C/(N+I)   

( for BER better than  1 0–6)   

20  dB  20  dB  

Recei ver selecti vi ty  CW carrier @ band  edge  +1 0  dB  h i gher 
than  recei ved  i n -band  s i gnal  power 

CW carrier at  ±250  kHz from  the  recei ver 
cen tre  frequency +1 0  dB  h i gher than  
recei ved  i n -band  s i gnal  power 

Recei ver nom inal  
impedance  

75  Ω  75  Ω  

Recei ver retu rn  l oss  1 2  dB ,  or better,  across  retu rn  
spectrum  path  band  

1 2  dB  or better,  see  5. 7 . 21  

Transm i tter maximum  s lew 
rate  

8  µs,  see  5. 7 . 22  1 5  µs,  see  5. 7 . 22  

Transm i tter on /off rati o  Not appl i cable  60  dB  

Modu l ation  techn i que  
note  5

 FSK,  ∆f =  67  kHz ±1 0  kHz FSK,  ∆f =  67  kHz ±1 0  kHz 

Modu l ation  map  
n ote  6 )

 Mark =  fc  +  ∆f,  space  =  fc  −  ∆f Mark =  fc  +  ∆f,  space  =  fc  −  ∆f 

B i t  rate  38, 4  kbi t/s  38, 4  kbi t/s  

B i t  rate  accuracy ±  1 00  ×  1 0
-6
 ±  1 00  ×  1 0

-6
 

Transm i tter power del ta  
between  mark and  space  

1  dB  2  dB  

Transm iss ion  duplexing   Hal f 

Transm iss ion  mode  Conti nuous  packet  transm ission .  Rests  
on  ‘mark’  between  packets  

Burst  packet transm ission .  Off between  
packets  

RF  connector Female  “F” ,  ou tdoor  
Reference  ANSI /SCTE  I PS  SP  400   

or 

Female  “F” ,  i ndoor  
Reference  ANSI /SCTE  I PS  SP  406   

Female  “F”,  ou tdoor 

Reference  ANSI /SCTE  I PS  SP  400   

Operati ng  temperature  
range  

 –40 °C to  +85 °C 

NOTE  1  I n  the  NCTEA S-006,  NTSC Video  carrier l evel  – 1 0  dB  

NOTE  2  I n  the  NCTEA S-006,  HE  (70, 5  MHz)  and  transponder (46, 0  MHz)  i s  used  

NOTE  3  I n  the  NCTEA S-006, ±50  ×  1 0−6
.  

NOTE  4  I n  the  NCTEA S-006, -60dBc over.  

NOTE  5  I n  the  NCTEA S-006, FSK(HE)  and  PSK (transponder)  i s  used  

NOTE  6  I n  the  NCTEA S-006,mark(fc  −  ∆f)  and  space  (fc  +  ∆f)  i s  used .  

 

5.7. 1  Transmit power l evel   

The transm i t power l evel  speci fies  the  m in imum  set of peak power l evels  supported  by the  

transm i tter.  I t  i s  expressed  in  dB(µV)  and  is  measured  across  the  fu l l  bandwid th  of a  s i ng le  
channel .  

In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  is  no  practical  way to  measure  the  transm itted  power of the  
transponder,  on l y the  power seen  at the  NE’s  ou tpu t,  wh ich  may be  affected  by coupl ing  
l osses  in ternal  to  the  NE.  Even  though  the  equ ipment i s  exempt from  compl iance  i n  th is  
particu lar case,  the  NE  vendor shal l  suppl y a  clear speci fication  of the  equ ipment’s  transm it  
power l evels  at the  NE’s  ou tpu t so  that i t  can  be  properl y eng ineered  i n to  the  network.   
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5.7.2  Transmit power accuracy  

Transm i t power accuracy i s  the  accuracy of the  actual  transm itted  power re lati ve  to  the  
provis ioned  value  for transm i t power.  Transm i t power accuracy is  va l i d  over a  temperature  
range  defined  by the  operating  temperature  range.  

5.7.3  Transmit power step  size  

Transm i t power s tep  s ize  speci fies  the  m in imum  change i n  the  provisioned  ou tpu t power level  
that  the  transm itter must  support.  When  chang ing  the  provis ioned  ou tpu t power l evel  by the  
transm i t power step  s i ze,  the  actual  transm it power l evel  shal l  nom inal l y respond  by the  
transm i t  power step  s i ze  for each  s tep  over the  en ti re  transm itter power l evel  range.   

5.7.4  Transmitter frequencies   

The transm i tter frequencies  speci fy the  m in imum  set of frequencies  on  wh ich  the  cen tre  
frequency of the  transm i tter may be  p laced .  On  the  forward  channel ,  the  cen tre  frequencies  
are  segmented  i n to  6  MHz ranges.  The  return  channel  i s  segmented  in to  4  MHz ranges.  At a  
m in imum,  vendors  must support one  6  MHz forward  band  and  one  4  MHz return  band .  

Both  the  forward  and  return  channels  requ i re  the  transm itter to  be  d ynam ical l y ag i le  over the  
speci fied  set of frequencies.  A d ynam ical l y ag i l e  system  al l ows  the  user to  se lect and  set the  
transm ission  frequency i n  real -time wh i l e  the  product i s  i n  use.  The  speci fic mechan ism  used  
to  implement ag i l i ty i s  l eft to  the  vendor.   

5.7.5  Transmitter frequency step  size   

This  is  the  al l owed  carrier frequency i ncrement for tun ing  purposes.  Th is  does  not impl y that  
carriers  may be  p laced  one  step  apart.   

5.7.6  Transmitter frequency accuracy 

The accuracy of the  actual  transm i tted  centre  frequency re lati ve  to  the  provisioned  value  for 
that  frequency.  The  output frequency accuracy i s  va l i d  over a  temperature  range  speci fied  by 
the  operati ng  temperature  range  speci fication ,  over the  fu l l  frequency range  of the  transm itter 
and  over the  fu l l  range  of powers.   

5.7.7  Transmitter conducted  spurious   

Transm i tter conducted  spurious  refers  to  conducted  em iss ions  ou ts ide  of the  operating  
channel  bandwid th .   

5.7.8  Spectral  shape  

Transm i tted  power ou tside  of the  channel  wid th  shal l  be  attenuated  accord ing  to  the  spectral  
em ission  and  spurious  tone  speci fications.  The  channel  wid th  is  the  spectral  wid th  of the  
channel .   

5.7.9  Transmitter out-of-band  noise  suppression   

This  is  a  carrier-to-noise  speci fication  covering  noise  outs ide  of the  transm i t channel  and  
refers  to  the  tota l  noise  power as  measured  wi th  a  4  MHz measurement bandwid th .   

5.7. 1 0  Transmit nominal  impedance  

The transm it nom inal  impedance  i s  the  impedance i n to  wh ich  the  transm i tter i s  des igned  to  
l aunch .   
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5.7. 1 1  Transmit return  loss  

The transm i t return  l oss  is  the  ratio  of the  transm i tted  s ignal  power to  the  reflected  s i gna l  
power at the  transm itter.  The  transm i t return  loss  shal l  meet or exceed  the  speci fication  at a l l  
frequencies  i n  the  measurement range.  

Head-end  Element  (HE)  

The transm it  return  loss  shal l  appl y over the  forward  spectrum  path  band .  

Transponder 

Dual  port   Return  l oss  speci fication  appl ies  to  the  RF  transm i t port  of dua l  port devices  i n  

the  frequency range  defined  by the  return  spectrum  path  band .   

Sing le  port  Return  l oss  speci fication  appl i es  to  the  common  RF  port  of s ing le  port  devices  
i n  the  frequency range  defined  by the  fu l l  spectrum  path  band .  

In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  i s  no  practica l  way to  measure  transm i tter return  l oss  of the  
transponder,  on l y the  return  l oss  seen  at the  NE.  However,  the  embedded  transponder shal l  
not degrade  the  overal l  transm i t return  l oss  at the  NE.  Even  though  the  equ ipment i s  exempt 
from  compl iance  i n  th is  particu lar case,  the  vendor shal l  sti l l  suppl y a  cl ear speci fication  of the  
equ ipment’s  transm i t retu rn  l oss  so  that i t  can  be  properl y eng ineered  i n to  the  network.   

5.7. 1 2  Maximum ramp-up time  

The maximum  ramp-up time i s  the  maximum  time the  transm i tter can  take  to  go  from  1 0  %  of 
fu l l  ou tpu t peak power to  90  %  of fu l l  ou tpu t peak power.  Th is  quanti ty i s  importan t because  of 
the  burst  transm ission  nature  of the  channels  i nvolved .   

5.7. 1 3  Maximum ramp-down  time   

The maximum  ramp-down  time i s  the  maximum  time the  transm i tter can  take  to  go  from  90  %  
of fu l l  ou tpu t peak power to  1 0  %  of fu l l  ou tpu t peak power.  Th is  quan ti ty i s  important because  
of the  burst transm ission  nature  of the  channels  i nvolved .   

5.7. 1 4  Transmitter front  porch  time   

Front porch  time speci fies  the  time fol lowing  ramp-up but before  start  of data  transm ission .  
During  the  fron t porch  time the  transm itter rests  on  ‘mark’ .   

5.7. 1 5  Receive  power dynamic range   

The receive  power d ynam ic range  i s  the  range  of received  power over wh ich  the  receiver is  
guaran teed  to  meet b i t  error rate  (BER)  and  carrier to  noise-plus- in terference (C/(N+I ))  

speci fications.  (see  5. 7. 1 8).  I t  i s  expressed  i n  dB(µV).   

In the  Type 3 case where an  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  i s  no  practica l  way to  measure  the  receiver power range  of 
the  transponder,  on l y the  power seen  at the  managed  NE’s  RF  i npu t port wh ich  may not  equal  
the  power seen  by the  i n ternal  transponder because  of coupl i ng  l osses  i n ternal  to  the  network 
e lemen t.  Even  though  the  equ ipment i s  exempt from  compl iance  in  th is  particu lar case,  the  
vendor must s ti l l  suppl y a  cl ear speci fication  of the  equ ipment’s  receive  power range  at  the  
network e lement’s  i npu t so  that i t  can  be  properl y eng ineered  i n to  the  network.  
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5.7. 1 6  Receive  tun ing  range  

The receiver frequencies  speci fy the  m in imum  set of frequencies  on  wh ich  the  centre  
frequency of the  receiver can  be  p laced .  On  the  forward  channel ,  the  cen tre  frequencies  are  
segmented  i n to  6  MHz ranges.  The  return  channel  i s  segmented  in to  4  MHz ranges.  At a  
m in imum,  vendors  shal l  support one  6  MHz forward  band  and  one  4  MHz return  band .   

Both  the  forward  and  return  channels  requ ire  the  receiver to  be  the  receiver frequency in  real -
time wh i le  the  product i s  i n  use.  The  speci fic  mechan ism  used  to  implement ag i l i ty i s  l eft  to  
the  vendor.  

5.7. 1 7  Receiver frequency step  s ize   

This  is  the  al l owed  carrier frequency i ncrement for tun ing  purposes.  Th is  does  not impl y that  
carriers  may be  p laced  one  step  apart.  

5.7. 1 8  Receive  C/(N+I )   

The receive  C/(N+I )  i s  the  m in imum  ratio  of the  received  s ignal  power to  the  received  noise  +  
i n terference  power at the  receiver i npu t,  measured  across  the  fu l l  channel  frequency wid th ,  
requ i red  to  ach ieve  the  speci fied  BER.  I t  i s  va l id  across  the  en ti re  d ynam ic range  of the  
receiver and  over the  temperature  range  speci fi ed  for the  equ ipment.  I t  i s  a lso  va l i d  
regard less  of what other s ignals  are  present on  the  cable  p lant,  as  long  as  they meet the  
selecti vi ty speci fication  described  i n  5. 7. 1 9.  I t  i s  measured  on l y i n  the  presence of Gaussian  
noise.  Impu lse  noise  i s  not  i ncl uded  when  measuring  the  receive  C/(N+I ).   

5.7. 1 9  Receiver selectivi ty  

Selecti vi ty measures  the  receiver’s  abi l i ty to  rej ect a  nearby carrier.  I t  i s  the  ratio  of the  power 
of an  i n terfering  conti nuous  wave (CW)  carrier to  the  received  i n -band  power.  The  i n terfering  
carrier i s  l ocated  at a  speci fic frequency re lati ve  to  the  receiver’s  cen tre  frequency.  The  
receiver must meet the  C/(N+I )  speci fication  g i ven  i n  5. 7. 1 8  i n  the  presence of any in terfering  
carrier,  wh ich  meets  the  selecti vi ty cri teria.   

5.7.20  Receive  nominal  impedance   

The impedance for wh ich  the  receiver is  des igned .   

5.7.21  Receive  return  loss   

The receive  return  l oss  i s  the  ratio  of the  received  s ignal  power to  the  reflected  s i gnal  power 
at  the  receiver measured  over the  speci fied  frequency range.   

Head-end  Element  (HE)  

The receive  return  loss  appl ies  over the  retu rn  spectrum  path  band .  

Transponder 

The  receive  return  loss  appl ies  as  fol lows:   

Dual  port   The  return  l oss  speci fication  appl ies  to  the  RF  receive  port of dual  port devices  

i n  the  frequency range  defined  by the  forward  spectrum  path  band .   

Sing le  port  The  retu rn  l oss  speci fication  appl i es  to  the  common  RF  port of s i ng le  port  
devices  i n  the  frequency range  defined  by the  fu l l  spectrum  path  band .  
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In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  is  no  practical  way to  measure  the  receiver return  l oss  of the  
transponder,  on l y the  return  l oss  seen  at the  NE.  However,  the  embedded  transponder shal l  
not degrade  the  overal l  receive  retu rn  loss  at the  NE.  Even  though  the  equ ipment i s  exempt 
from  compl iance  i n  th is  particu lar case,  the  vendor shal l  sti l l  suppl y a  cl ear speci fication  of the  
equ ipment’s  receive  return  l oss  so  that i t  can  be  properl y eng ineered  i n to  the  network.   

The  network eng ineer may need  to  add  loss  at the  transponder’s  coupler i n  order to  ach ieve  a  
return  l oss  that i s  sufficien t to  avoid  impacting  other services  offered  i n  the  band .  

5.7.22  Transmitter s lew rate  

The s lew rate  describes  how qu ickl y the  transm itter moves  from  transm i tti ng  a  log ica l  ‘ 0 ’  to  a  
l og ical  ‘ 1 ’  and  vice  versa.  For both  the  forward  and  return  channels ,  the  transm itter’s  
trans i ti on  time  between  b inary states  must be  con trol l ed  to  ensure  that the  s ignal  frequency i s  

wi th in  1 3, 4  kHz (=  2∆f ×  1 0  %),  for a  ∆f =  67  kHz,  of the  i n i tia l  and  fi na l  va lues  of +∆f or –∆f,  
wi th in  the  speci fied  time.   

5.7.23  Transmitter on /off ratio  

The  transm i tter on/off ratio  i s  the  ratio  between  the  ‘on ’  transm i tted  power and  the  ‘off’  
transm itted  power.  

5.7.24 Modulation  techn ique  

The  modu lation  techn ique  is  the  method  by wh ich  d i g i ta l  i n formation  is  impressed  i n to  the  
analog  channel .  I n  th is  case,  the  modu lation  i s  b inary frequency sh i ft  keying  (FSK)  wi th  

the  two sh i ft  tones  at ±∆f from  the  cen tre  frequency.  A l og ical  ‘ 1 ’  i s  mapped  to  the  upper of the  
two sh i ft frequencies  and  a  log ica l  ‘ 0 ’  i s  mapped  to  the  lower of the  two sh i ft frequencies.  The  

notation  fc  denotes  the  cen tre  frequency of the  channel  and  ∆f denotes  the  FSK frequency 

sh i ft.  The  ‘mark’  ( log ica l  ‘ 1 ’ )  frequency is  f
1
= fc  +  ∆f and  the  ‘space’  ( l og ical  ‘ 0 ’ )  frequency i s  

f
0  
= fc  −  ∆f.   

5.7.25 Bi t  rate  

The  bi t  rate  is  the  nom inal  transm ission  rate  for the  channel .  

5.7.26  Bi t  rate  accuracy  

The  b i t  rate  accuracy is  the  maximum  deviation  from  the  provis ioned  va lue  of the  b i t  rate.  I t  i s  
va l i d  over the  fu l l  temperature  range  speci fied  for the  equ ipment.   

5.7.27  Transmitter power del ta  between  ‘mark’  and  ‘space’  

The transm i tter power del ta  between  ‘mark’  and  ‘space’  i s  the  d i fference  between  the  peak 
power of the  ‘mark’  s ignal  and  the  peak power of the  ‘space’  s ignal .   

5.7.28  Transmission  duplexing  

This  speci fies  whether a  device  supports  fu l l -duplex or ha l f-duplex operation .  

5.7.29  Transmission  mode  

The transm ission  mode describes  the  overal l  mode  i n  wh ich  the  phys ica l  l ayer transm its  data.  
Bytes  on  both  the  forward  and  return  channels  are  transm itted  asynchronousl y.  Both  the  
forward  and  return  channels  are  packet-based ;  however,  they d i ffer i n  how they hand le  the  
gaps  between  packets .  On  the  forward  channel ,  the  transm i tter i s  conti nuous l y on .  I t  rests  on  
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‘mark’  between  packets .  I n  con trast,  the  return  channel  transm i tter turns  off between  packets.  
I t  does  th is  to  support mu l ti p le  access  on  the  many-to-one  return  channel .   

5.7.30  RF  connector 

This  speci fi es  the  type  of RF  connector that shal l  be  supported .  Support for an  RF  connector 
option  depends  on  the  transponder type  as  defined  i n  Table  1 .   

5.7.31  Operating  temperature  range  

Th is  speci fi es  the  m in imum  set of temperatures  over wh ich  HMS compl ian t transponders  shal l  
operate  and  meet th is  speci fication .   

5.8  Media access  control  l ayer in terface  

The PHY layer del i vers  bytes  to  and  from  the  Med ia  Access  Control  (MAC)  Layer based  on  i ts  
detection  of the  i ncom ing  s i gnal .  The  exact method  for de l i vering  these  bytes  i s  l eft  to  the  
vendor.  The  physical  layer cou ld  a lso  del i ver an  i nd ication  of ‘ i nsufficien t  power’  to  ind icate  
periods  during  wh ich  the  qual i ty of the  received  s i gnal  i s  too  low to  rel i ably detect b i nary 0 ’ s  
and  1 ’s .  The  MAC l ayer can  use  th is  i n formation  to  he lp  i t  determ ine  the  beg inn ing  and  end  of 
packets.  The  exact method  for declaring  ‘ i nsufficien t power’  i s  left  to  the  vendor.   

5.9  RF  cut-off 

RF cut-off i s  requ ired  on  the  return  channel  to  shu t down  transponders  that  have  fa i l ed  wi th  
thei r transm i tter ON .  A transponder i n  th is  state  i s  often  referred  to  as  a  ‘babbler’ .  RF  cu toff 
shal l  be  i nvoked  au tomatical l y to  ensure  a  transponder shal l  never l eave  i ts  transm itter ON  for 
more  than  1  s  after i t  has  been  enabled  or when  a  message  is  received  from  the  head-end  
i nd icati ng  that the  RF  outpu t shou ld  be  cu t off.  The  cu t-off time shal l  be  such  that,  after taking  
i n to  account timer i naccuracy,  the  RF  transm i tter shal l  be  cu t  off wi th in  1  s  after i t  has  been  
enabled .  The  cu t-off mechan ism  shou ld  protect against a l l  reasonabl y l i kel y fa i lu res  includ ing  
a  m icroprocessor fa i l u re.  When  cu t off,  the  transponder’s  RF  ou tput power shou ld  meet the  
on /off power speci fication  i n  5. 7 . 23.  RF  cut-off i s  not requ ired  on  the  forward  channel .   
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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  
____________ 

 
CABLE NETWORKS FOR TELEVISION  SIGNALS,   
SOUND SIGNALS AND INTERACTIVE SERVICES –  

 
Part 7-1 :  Hybrid  Fibre  Coax Outside  Plant status  moni toring  –  

Physical  (PHY)  layer specification  
 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i n g  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard izati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by  I EC Nationa l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsib le  for the  way i n  wh ich  they are  used  or for an y 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ib le  i n  thei r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestati on  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for an y 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  o r 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of IEC  60728-7-1  bears  the  ed i tion  number 1 . 1 .  I t  consists  of 
the  fi rst  ed i tion  (2003-1 0)  [documents  1 00/576/CDV and  1 00/683/RVC]  and  i ts  
amendment 1  (201 5-04)  [documents  1 00/241 7/FDIS  and  1 00/2481 /RVD] .  The techn ical  
content  i s  identical  to  the  base  ed i tion  and  i ts  amendment.  

Th is  Final  version  does  not show where  the techn ical  content i s  mod ified  by 
amendment 1 .  A separate  Red l ine version  with  al l  changes  h igh l ighted  is  avai lable  i n  
th is  publ ication .  
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I n ternational  Standard  I EC 60728-7-1  has  been  prepared  by techn ical  area  5:  Cable  networks  
for te levision  s ignals ,  sound  s ignals  and  i n teractive  services,  of I EC techn ical  committee  1 00 :  
Aud io,  video  and  mu l timed ia  systems and  equ ipment.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con tents  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  s tabi l i ty date  i nd icated  on  the  I EC  web s i te  under 
"h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

The  fol l owing  d i fferences  exist i n  some countries:  

The  J apanese de facto  s tandard  (NCTEA S-006)  concern ing  requ irements  for the  HFC  
ou ts ide  p lan t management,  wh ich  was  publ ished  i n  1 995,  has  a l ready been  avai lable  i n  
Japan.  The  purpose  of th is  standard  is  to  support the  des ign  and  implementation  of 
i n teroperable  management systems  for HFC  cable  networks  used  in  Japan .  (see  Table  4)  
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INTRODUCTION  

Standards  and  other del iverables  of the  I EC  60728  series  deal  wi th  cable  networks  i nclud ing  
equ ipment and  associated  methods  of measurement for headend  reception ,  processing  and  
d istribu tion  of te levis ion  and  sound  s ignals  and  for processing ,  i n terfacing  and  transmi tting  a l l  
kinds  of data  signals  for i n teractive  services  using  a l l  appl icable  transmission  med ia.  These  
s ignals  are  typical l y transmi tted  in  networks  by frequency-mu l tip lexing  techn iques.  

Th is  i ncludes  for i nstance  

  reg ional  and  l ocal  broadband  cable  networks,  

  extended  satel l i te  and  terrestria l  te levision  d istribu tion  systems,  

  i nd ividual  satel l i te  and  terrestria l  te levision  receiving  systems,  

and  a l l  kinds  of equ ipment,  systems  and  i nstal lations  used  i n  such  cable  networks,  d i stribu tion  
and  receiving  systems.  

The  exten t of th is  standard ization  work i s  from  the  an tennas  and /or special  s ignal  source  
i npu ts  to  the  headend  or other i n terface  poin ts  to  the  network up  to  the  terminal  i npu t of the  
customer premises  equ ipment.  

The  standard ization  work wi l l  consider coexistence  wi th  users  of the  RF  spectrum  in  wi red  
and  wi reless  transmission  systems.  

The  standard ization  of any user terminals  ( i . e .  tuners,  receivers,  decoders,  mu l timed ia  
terminals,  etc. )  as  wel l  as  of any coaxial  and  optical  cables  and  accessories  thereof i s  
excluded .  
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CABLE NETWORKS FOR TELEVISION  SIGNALS,   
SOUND SIGNALS AND INTERACTIVE SERVICES –  

 
Part 7-1 :  Hybrid  Fibre  Coax Outside  Plant status  moni toring  –  

Physical  (PHY)  layer specification  
 
 
 

1  Scope  

This  part of I EC  60728  speci fies  requ irements  for The  H ybrid  F ibre  Coax (HFC)  Ou tside  P lan t 
(OSP)  Physical  (PHY)  Layer Speci fication  and  is  part  of the  series  of speci fications  developed  
by the  H ybrid  Management Sub-Layer (HMS)  subcommittee  under the  SCTE.  The  purpose  of 
the  HMS speci fication  is  to  support the  design  and  implementation  of i n teroperable  
management systems  for evolving  HFC cable  networks.  The  HMS Phys ical  (PHY)  Layer 
Speci fication  describes  the  phys ical  layer portion  of the  protocol  stack used  for 
communication  between  HMS-compl ian t transponders  in terfacing  to  managed  outs ide  plant  
network e lements  (NE)  and  a  cen tral i zed  head-end  e lement (HE).   

Th is  standard  describes  the  PHY layer requ irements  that must be  implemented  by a l l  Type 2  
and  Type 3  compl iant OSP HMS transponders  on  the  HFC p lant and  the  control l i ng  equ ipment 
i n  the  head-end .  Any exceptions  to  compl iance  wi th  th is  standard  wi l l  be  speci fica l l y noted  
herein  as  necessary.  Refer to  Table  1  for a  fu l l  defin i tion  of the  type  class i fications.  

E lectromagnetic Compatib i l i ty (EMC)  i s  not speci fi ed  i n  th is  standard  and  i s  l eft to  the  vendor 
to  ensure  compl iance  wi th  local  EMC regu latory requ i rements .  Other than  operati ng  
temperature,  phys ica l  parameters  such  as  shock,  vibration ,  hum id i ty,  etc. ,  are  a lso  not  
speci fied  and  left  to  the  vendor’s  d iscretion .  

Transponder type  class i fi cations  referenced  wi th in  the  HMS series  of standards  are  defin ed  in  
Table  1 .  

Table  1  – Transponder type classi fications   

Type  Description  Appl ication  

Type  0  
Refers  to  l egacy transponder 
equ i pment,  wh ich  i s  i ncapable  of 
supporti ng  the  HMS  speci fi cations  

Th i s  transponder i n terfaces  wi th  l egacy network equ ipment 
through  proprietary means.   

Th i s  transponder cou l d  be  managed  through  the  same 
management  appl i cations  as  the  other types  th rough  proxi es  
or other means  at  the  head -end  

Type  1  

Refers  to  stand -al one  transponder 
equ i pment  ( l egacy or new)  wh i ch  can  
be  upgraded  to  support  the  HMS  
speci fi cations  

Th i s  transponder i n terfaces  wi th  l egacy network equ ipment 
through  proprietary means.   

Type  1  i s  a  s tandards-compl ian t  transponder (e i ther 
manufactured  to  the  standard  or u pg raded )  that  connects  to  
l egacy network equ ipment vi a  a  proprietary i n terface  

Type  2  
Refers  to  a  s tand -al one,  HMS-
compl ian t  transponder 

Th i s  transponder i n terfaces  wi th  network equ i pment designed  
to  support  the  e l ectri ca l  and  physical  speci fi cations  defi ned  i n  
the  HMS  standards.   

I t  can  be  factory or fi e l d -i nstal l ed .   

I ts  RF  connection  i s  i ndependent  of the  mon i tored  NE   

Type  3  
Refers  to  a  s tand -al one  or embedded ,  
HMS-compl ian t  transponder 

Th i s  transponder i n terfaces  wi th  network equ i pment designed  
to  support  the  e l ectri ca l  speci fi cations  defi ned  i n  the  HMS  
standards.   

I t  may or may not  support  the  physica l  speci fi cations  defi ned  
i n  the  HMS  standards.   

I t  can  be  factory-i nstal l ed .  I t  may or may not  be  fi e l d -i nstal l ed .   

I ts  RF  connection  i s  th rough  the  mon i tored  NE  
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2  Normative references   

None.  

3 Terms,  defin i tions  and  abbreviations  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i ti ons  apply.  

3. 1   
forward  path  band  
continuous  set of frequencies  i n  HFC cable  systems wi th  a  l ower edge  of between  48  MHz 
and  87,5  MHz,  depend ing  on  the  particu lar geograph ical  area,  and  an  upper edge  that i s  
typical l y i n  the  range  of 300  MHz to  1  000  MHz depend ing  on  implementation  

Note  1  to  en try:  Due  to  d i fferent  channel  spacing  p l ans  i n  use,  th i s  upper frequency l im i t  may not  be  exactl y  
1  000  MHz,  bu t  some  megahertz h i gher,  e . g .  1  002  MHz or 1  006  MHz.  The  notati on  1  000  MHz i n  th i s  s tandard  i s  
i n tended  to  i ncl ude  such  smal l  deviations.  

3.2   
fu l l  path  band  
combination  of forward  path  band  and  return  path  band  i n  HFC cable  systems  exclud ing  an y 
guard  band  

3.3   
guard  band  
unused  frequency band  between  the  upper edge  of the  usable  return  path  band  and  the  lower 
edge  of the  usable  forward  path  band  i n  HFC cable  systems  

3.4  
network element (NE)  
active  e lement i n  the  ou tside  p lant that i s  capable  of receiving  commands  from  a  head-end  
e lement (HE)  i n  the  head-end  and ,  as  necessary,  provid ing  status  i n formation  and  a larms  
back to  the  HE  

3.5   
open  system  interconnection  (OSI )  
framework of I n ternational  Organ ization  for Standard ization  ( I SO)  standards  for commu-
n ication  between  mu l ti -vendor systems  that organ izes  the  communication  process  i n to  seven  
d i fferent categories  that are  p laced  i n  a  l ayered  sequence based  on  the  re lationsh ip  to  the  
user.  Each  layer uses  the  layer immed iatel y below i t  and  provides  services  to  the  layer above.  
Layers  7  through  4  deal  wi th  end-to-end  commun ication  between  the  message source  and  
destination ,  and  l ayers  3  through  1  deal  wi th  network functions  

3.6   
physical  (PHY)  l ayer 
l ayer 1  i n  the  Open  System  I n terconnection  (OSI )  arch i tecture;  the  l ayer that provides  
services  to  transm it b i ts  or groups  of b i ts  over a  transm iss ion  l ink between  open  systems and  
wh ich  enta i l s  e l ectrica l ,  mechan ical  and  handshaking  procedures  

3.7   
return  path  band  
con tinuous  set of frequencies  i n  HFC cable  systems wi th  a  l ower edge  of 5  MHz and  an  upper 
edge  that i s  typical l y i n  the  range  of 42  MHz to  65  MHz depend ing  on  the  particu lar 
geograph ical  area  
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3.8   
transponder 
device  i n  the  ou ts ide  p lant that i n terfaces  to  ou ts ide  p lan t NEs  and  re lays  status  and  a larm  
i n formation  to  the  HE.  I t  can  i n terface  wi th  an  acti ve  NE  via  an  arrangement of paral l e l  
analogue,  paral le l  d i g i ta l  and  seria l  ports  

3.9   
un-modu lated  carrier 

carrier resti ng  on  the  ‘mark’  frequency rather than  on  the  channel ’s  cen tre  frequency 

3. 1 0  Abbreviated  terms  

ANSI  American  National  Standards  I nsti tu te  

BER B i t  Error Rate  

C/R Carrier-to-Noise  Ratio  

C/(N+I )  Carrier to  Noise-plus- I n terference  Ratio   

CW Continuous  Wave  

EMC E lectromagnetic Compatib i l i ty  

FSK Frequency Sh i ft  Keying   

HE  Head-end  E lement  

HFC Hybrid  F ibre  Coax 

HMS  Hybrid  Management Sub-Layer 

LSB  Least S ign i ficant  B i t  

MSB  Most S ign i fican t B i t   

NE  Network E lement  

MAC Med ia  Access  Control  

OSP  Outs ide  P lan t 

PHY Physica l   

RF  Rad io  Frequency 

SCTE  Society of Cable  Telecommunications  Eng ineers  

4 HMS reference archi tecture  forward  and  return  channel  speci fications  

The  reference  arch i tecture  for the  HMS  series  of speci fications  is  i l l ustrated  i n  F igure  1 .   

Status
Monitoring

Device

Headend
Status

Monitoring
Equipment

RF
RECEIVER

RF
TRANSMITER

RF
TRANSMITER

RF
RECEIVER

RF
Splitter

RF
Combiner

Optical
Receiver

Laser

Laser

Optical
Receiver

RF Amplifier Chain

Fiber Node

Diplexer *

* The diplexer filter may be included as part of the network element to which the
transponder interfaces,  or it may be added separately by the network operator.

CB A

IEC   2293/03
 

Figure 1  – HMS reference  arch i tecture d iagram   
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Al l  quanti ti es  re lating  to  forward  channel  transm ission  or reverse  channel  reception  are  
measured  at  poin t A i n  F i gure  1 .  Al l  quanti ties  re lati ng  to  forward  channel  reception  or reverse  
channel  transm ission  are  measured  at poin t B  for two-port devices  and  poin t C  for s ing le  port 
devices  as  shown  i n  F igu re  1 .   

4. 1  HMS speci fication  documents  

A l i st  of documents  i n  the  HMS speci fications  fam i l y i s  provided  in  Table  2 .  

Table  2  – HMS document fami ly  

HMS  notation   Ti tl e  

SCTE  HMS PHY HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Phys ical  (PHY)  Layer Speci fi cation  

SCTE  HMS MAC  
HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Med ia  Access  Control  (MAC)  Layer 
Speci fi cation  

SCTE  HMS PSTIB  
HMS  Outs i de  P lant  S tatus  Mon i tori ng  – Power Supply to  Transponder 
I n terface  Bus  (PSTIB)  Speci fi cation   

SCTE  HMS ALARMS  MIB  HMS  Alarms  Management  I n formation  Base   

SCTE  HMS COMMON  M IB  HMS  Common  Management I n formation  Base  

SCTE  HMS FIBERNODE  M IB  HMS  F i ber Node  Management  I n formation  Base  

SCTE  HMS PROPERTY MIB  HMS  Alarm  Property Management I n formation  Base  

SCTE  HMS PS  M IB  HMS  Power Supply Management  I n formation  Base  

SCTE  ROOT MIB  SCTE  Root  Management I n formation  Base  

SCTE  HMS GEN  M IB  HMS  Power Supply Generator Management I n formation  Base  

SCTE  HMS TIB  M IB  HMS  Transponder I n terface  Bus  Management  I n formation  Base  

SCTE  HMS DOWNLOAD M IB  HMS  Transponder F i rmware  Down l oad  Management  I n formation  Base  

SCTE  HMS TREE  MIB   HMS  Root Object  I denti fi ers  Management I n formation  Base  

4.2  Functional  assumptions  

4.2. 1  Forward  path  band  and  return  path  band   

The forward  path  band  i n  HFC cable  systems  refers  to  the  conti nuous  set of frequencies  wi th  
a  l ower edge  of between  48  MHz and  87, 5  MHz,  depend ing  on  the  parti cu lar geograph ical  
area,  and  an  upper edge  that i s  typica l l y i n  the  range  of 300  MHz to  1  000  MHz depend ing  on  
implementation .  Analogue  televis ion  s ignals  i n  6  MHz or 8  MHz channels  are  assumed  to  be  
present on  the  forward  path  band  as  wel l  as  other narrowband  and  wideband  d i g i ta l  s i gnals .   

The  retu rn  path  band  i n  HFC cable  systems refers  to  the  pass  band  of frequencies  wi th  a  
l ower edge  of 5  MHz and  an  upper edge  that i s  typical l y i n  the  range  of 42  MHz to  65  MHz 
depend ing  on  the  particu lar geograph ical  area.  Narrowband  and  wideband  d i g i ta l  s ignals  may 
be  present on  the  return  path  band  as  wel l  as  analogue  te levision  s i gnals  i n  6  MHz or 8  MHz 
channels .   

The  fu l l  path  band  i n  HFC cable  systems  refers  to  the  combined  forward  and  return  path  
bands  and  excludes  any guard  band .  The  guard  band  refers  to  the  unused  frequency band  
between  the  upper edge  of the  usable  return  path  band  and  the  l ower edge  of the  usable  
forward  path  band .  Speci fic l im i ts  on  forward  and  return  path  band  for various  geograph ical  
areas  are  deta i led  i n  Table  3.   
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Table  3  – Spectral  l imi ts  by geographical  area (North  America and  Europe)  

Geography 

Retu rn  path  band  Forward  path  band  

M in imum   
frequency 

Guard  band   
l ower l im i t 

Guard  band  
upper l im i t 

Maximum  
frequency 

North  America  5  MHz  42  MHz 48  MHz 1  000  GHz 

Europe  1  5  MHz  30  MHz 47  MHz 862  MHz 

Europe  2  5  MHz  50  MHz 70  MHz  1  000  MHz 

Europe  3  5  MHz  65  MHz 87, 5  MHz  1  000  MHz 

 

4.2.2  Transmission  l evels  

The nom inal  l evel  of the  forward  path  band  HMS carrier(s)  i s  targeted  to  be  no  h igher than  –
1 0  dB  re lati ve  to  analogue  vi deo  nom inal  carrier l evels .  The  nom inal  power level  of the  return  
path  band  HMS carrier(s)  wi l l  be  as  low as  possible  to  ach ieve  the  requ i red  marg in  above  
noise  and  i n terference.  Un i form  power load ing  per un i t  bandwid th  i s  common l y fo l lowed  i n  
setting  s i gnal  l evels  on  the  return  path  band ,  wi th  speci fic l evels  establ i shed  by the  cable  
network operator to  ach ieve  the  requ i red  carrier-to-noise  and  carrier-to-i n terference  ratios .  

5 Physical  layer specification  

This  cl ause  describes  vers ion  1 . 0  of the  HMS PHY layer speci ficati on .  The  PHY l ayer 
describes  ru les  that govern  the  transm ission  of bytes  from  one  device  to  another.  The  speci fic  
requ irements  of the  HMS  PHY layer are  detai l ed  i n  th is  clause.  

5. 1  Separate  forward  and  return  channels   

The one-way communication  channel  from  the  HE  to  a  managed  OSP NE  i s  referred  to  as  the  
forward  channel .  The  one-way communication  channel  from  a  managed  OSP NE  to  the  HE  is  
referred  to  as  the  return  channel .  Both  the  forward  and  the  return  channels  are  p laced  on  
speci fic cen tre  frequencies.  The  forward  and  return  channels ’  cen tre  frequencies  are  d i fferent.  
S ince  the  NEs  on l y l i sten  to  the  forward  channel ,  they cannot l i s ten  to  return  channel  
transm issions  from  other NEs.  Th is  channel  separation  i s  a  resu l t of the  sub-band  sp l i t  
between  the  forward  and  return  portions  of the  typ ical  HFC  p lant spectrum .   

5.2  Single  forward  and  return  path  channels   

To keep  management of carrier frequencies  s imple,  each  HMS-based  status  mon i toring  
system  has  a  s ing le  forward  channel  and  a  s i ng le  return  channel .  Th is  does  not preclude  the  
use  of mu l tip le  mon i toring  systems,  each  wi th  i ts  own  i nd ividual  forward  and  return  RF  
channels .   

5.3  Byte-based  transmission   

The physical  l ayer provides  byte-based  commun ications  in  both  d i rections,  between  a  
managed  NE  and  the  head-end .  I t  de l i vers  bytes  from  one  end  of the  channel  to  the  other end  
of the  channel .   

5.4  Byte  formats  and  transmission  order  

Bytes  on  both  forward  and  return  channels  are  ten  b i ts  i n  l ength .  They con tain  one  s tart bi t,  
e ight b i ts  of data,  and  one  s top  b i t.  The  start b i t  has  b inary value  ‘0 ’ ,  and  the  stop  b i t  has  
b inary value  ‘ 1 ’ .  

Throughou t th is  standard ,  b i ts  l abel led  ‘0 ’  are  the  l east  s ign i fican t b i ts  (LSBs).  The  LSB  of a  
s i ng le  byte  i s  a lways  transm itted  fi rst fo l l owing  the  start  bi t.  B i ts  l abel l ed  ‘7 ’  are  the  most  
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s i gn i ficant b i ts  (MSBs).  The  MSB of a  s ing le  byte  is  a lways  transm i tted  l ast fo l l owed  by the  
stop  b i t.  The  transm iss ion  order i s  summarized  in  F igure  2 .   

 

Figure  2  – Bi t  transmission  order 

5.5  Packet-based  transmission   

Transm ission  i n  both  forward  and  return  channels  i s  implemented  using  packets.  
Transm ission  on  the  forward  channel  i s  continuous;  there  is  no  gap  in  RF  outpu t between  
packets.  Packets  are  separated  by a  con ti nuous  sequence of b i ts  having  value  ‘ 1 ’ ,  i . e .  ‘mark’  
tone.  The  channel  i s  sa id  to  ‘ rest  on  mark’  between  packets.   

Transm ission  on  the  return  channel  i s  accompl ished  wi th  burst packets.  Packets  are  
separated  by periods  of s i l ence  when  the  transm i tter i s  tu rned  off.  Burst communication  i s  
used  i n  the  return  path  of HFC  systems because  of i ts  abi l i ty to  solve  the  many-to-one  
mu l tip le  access  characteristic  by a l l owing  term inals  to  ‘ take  tu rns ’  transm itti ng .   

5.6  Duplex operation   

The physica l  layer implementation  in  HMS-compl ian t transponders  in terfacing  to  OSP NEs  
shal l  support ha l f-duplex operation .  There  is  no  requ i rement for fu l l -duplex operation .   

5.7  Forward  and  return  channel  specifications   

HMS PHY channel  RF  and  modu lation  speci fications  for the  forward  and  return  communi -
cations  channels  are  shown  i n  Table  4 .  Descrip tions  of each  parameter are  provided  fo l l owing  
that tab le.  Any exceptions  to  compl iance  wi th  the  speci fications  i n  Table  4  wi l l  be  speci fica l l y 
noted  in  th is  document as  necessary.   

IEC   2294/03  
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Table  4 – HMS PHY channel  RF  and  modu lation  specifications   

I tem  HE  Transponder 

Transm i t  power l evel  
n ote  1

 + 1 00  dB(µV)  to  + 1 1 1  dB(µV)  +85  dB(µV)  to  +1 05  dB(µV)  

Transm i t  power accu racy ±2  dB  ±3  dB  

Transm i t  power step  s i ze  2  dB  2  dB  

Transm i tter frequencies  
n ote  2

 

( reference  North  American)  

48  MHz to  1 62  MHz,  i n  6  MHz bands:  

 1 )  48  MHz to  54  MHz 
 2 )  54  MHz to  60  MHz (Channel  2 )  
 3)  60  MHz to   66  MHz (Channel  3 )  
 4 )  66  MHz to  72  MHz (Channel  4)  
 5)  72  MHz to  78  MHz 
 6)  78  MHz to  84  MHz (~  Channel  5)  
 7 )  84  MHz to  90  MHz (~  Channel  6)  
 8)  90  MHz to  96  MHz (A-5)  
 9)  96  MHz to  1 02  MHz (A-4)  
 1 0)  1 02  MHz to  1 08  MHz (A-3)  
 1 1 )  1 08  MHz to  1 1 4  MHz (A-2)  
 1 2)  1 1 4  MHz to  1 20  MHz (A-1 )  
 1 3)  1 20  MHz to  1 26  MHz (Channel  1 4)  
 1 4)  1 26  MHz to  1 32  MHz (Channel  1 5)  
 1 5)  1 32  MHz to  1 38  MHz (Channel  1 6)  
 1 6)  1 38  MHz to  1 44  MHz (Channel  1 7)  
 1 7)  1 44  MHz to  1 50  MHz (Channel  1 8)  
 1 8)  1 50  MHz to  1 56  MHz (Channel  1 9)   
 1 9)  1 56  MHz to  1 62  MHz (Channel  20)   

5  MHz to  21  MHz,  i n  4  MHz bands:  

 1 )  5  MHz to  9  MHz  
 2 )  9  MHz to  1 3  MHz 
 3)  1 3  MHz to  1 7  MHz 
 4)  1 7  MHz to  2 1  MHz  

 

Transm i tter tun i ng  range  Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  
6  MHz frequency operati ng  ranges  

Fu l l y ag i l e  wi th i n  each  of the  speci fi ed   
4  MHz frequency operati ng  ranges  

Transm i tter frequency s tep  
s i ze  

1 00  kHz 1 00  kHz  

Transm i tter frequency 
accuracy 

note  3
 

±1 0  kHz ±1 0  kHz 

Transm i tter cu t-off Not  appl i cable  1  s  

Transm i tter spu rious  
em iss ions  ou ts ide  operati ng  
channel  bandwid th  du ri ng  
ON  state  

n ote  4
 

–65  dB  over the  forward  path  band  

(referenced  to  the  unmodu l ated  forward  
carri er)   

–55  dB  over the  fu l l  path  band  

(referenced  to  the  unmodu l ated  forward  
carri er)  

Transm i tter conducted  
spuri ous  em iss ions  ou ts ide  
operati ng  channel  
bandwi d th  d uri ng  OFF  state  

Not appl i cable  S ing le  port  devices:   

25  dB(µV),  5  MHz to  1 000  MHz  

Dual  port  devices,  Transm i t  port:  

25  dB(µV),  5  MHz to  200  MHz 

45  dB(µV),  200  MHz to  1 000  MHz 

Dual  port  devices,  Receive  port:   

45  dB(µV),  5  MHz to  50  MHz 

25  dB(µV),  50  MHz to  1 000  MHz 

Spectral  shape  <400  kHz @1 00  dB/Hz,   
48  MHz to  1 62  MHz 

(referenced  to  the  unmodu l ated  forward  
carri er)  

<800  kHz @95dB/Hz,  5  MHz to  1 3  MHz 

<400  kHz @95dB/Hz,  1 3  MHz to  21  MHz  
(referenced  to  the  unmodu l ated  forward  
carri er)  

Transm i tter out-of-band  
noi se  suppression  

C/N  of better than  –60  dB  wi th  a  4  MHz 
measurement  bandwid th ,  across  the  
forward  path  band .   

(referenced  to  the  unmodu l ated  forward  
carri er)  

 

Transm i t  nom inal  
impedance  

75  Ω  75  Ω  

Transm i t  retu rn  l oss  8  dB  or better across  forward  path  band  1 2  dB  or better 

Maximum  ramp-up  time  Not  appl i cable  1 00  µs  from  1 0  %  to  90  %  of peak power 

Maximum  ramp-down  time  Not  appl i cable  1 00  µs  from  90  %  to  1 0  %  of peak power 

Transm i tter fron t  porch  time  Not  appl i cable  600  µs  to  1 , 2  ms  

Recei ver d ynam ic range  40  dB(µV)  to  +80  dB(µV)  40  dB(µV)  to  +80  dB(µV)  
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I tem  HE  Transponder 

Recei ver tun i ng  range  Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  
4  MHz retu rn  frequency operati ng  
ranges  

Fu l l y ag i l e  wi th i n  each  of the  speci fi ed  6  MHz 
forward  frequency operati ng  ranges  

Recei ver frequency s tep  
s i ze  

1 00  kHz  1 00  kHz 

Recei ver C/(N+I)   

( for BER better than  1 0–6)   

20  dB  20  dB  

Recei ver selecti vi ty  CW carrier @ band  edge  +1 0  dB  h i gher 
than  recei ved  i n -band  s i gnal  power 

CW carrier at  ±250  kHz from  the  recei ver 
centre  frequency +1 0  dB  h i gher than  
recei ved  i n -band  s i gnal  power 

Recei ver nom inal  
impedance  

75  Ω  75  Ω  

Recei ver retu rn  l oss  1 2  dB ,  or better,  across  retu rn  path  
band  

1 2  dB  or better,  see  5. 7 . 21  

Transm i tter maximum  s lew 
rate  

8  µs,  see  5. 7 . 22  1 5  µs,  see  5. 7 . 22  

Transm i tter on /off rati o  Not appl i cable  60  dB  

Modu l ation  techn i que  
note  5

 FSK,  ∆f =  67  kHz ±1 0  kHz FSK,  ∆f =  67  kHz ±1 0  kHz 

Modu l ation  map  
n ote  6 )

 Mark =  fc  +  ∆f,  space  =  fc  −  ∆f Mark =  fc  +  ∆f,  space  =  fc  −  ∆f 

B i t  rate  38, 4  kbi t/s  38, 4  kbi t/s  

B i t  rate  accuracy ±  1 00  ×  1 0
-6
 ±  1 00  ×  1 0

-6
 

Transm i tter power del ta  
between  mark and  space  

1  dB  2  dB  

Transm iss ion  duplexing   Hal f 

Transm iss ion  mode  Conti nuous  packet  transm ission .  Rests  
on  ‘mark’  between  packets  

Burst  packet transm ission .  Off between  
packets  

RF  connector Female  “F” ,  ou tdoor  
Reference  ANSI /SCTE  I PS  SP  400   

or 

Female  “F” ,  i ndoor  
Reference  ANSI /SCTE  I PS  SP  406   

Female  “F”,  ou tdoor 

Reference  ANSI /SCTE  I PS  SP  400   

Operati ng  temperature  
range  

 –40 °C to  +85 °C 

NOTE  1  I n  the  NCTEA S-006,  NTSC Video  carrier l evel  – 1 0  dB  

NOTE  2  I n  the  NCTEA S-006,  HE  (70, 5  MHz)  and  transponder (46, 0  MHz)  i s  used  

NOTE  3  I n  the  NCTEA S-006, ±50  ×  1 0−6
.  

NOTE  4  I n  the  NCTEA S-006, -60dBc over.  

NOTE  5  I n  the  NCTEA S-006, FSK(HE)  and  PSK (transponder)  i s  used  

NOTE  6  I n  the  NCTEA S-006,mark(fc  −  ∆f)  and  space  (fc  +  ∆f)  i s  used .  

 

5.7. 1  Transmit power l evel   

The transm i t power l evel  speci fies  the  m in imum  set of peak power l evels  supported  by the  

transm i tter.  I t  i s  expressed  in  dB(µV)  and  is  measured  across  the  fu l l  bandwid th  of a  s i ng le  
channel .  

In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  i s  no  practical  way to  measure  the  transm i tted  power of the  
transponder,  on l y the  power seen  at the  NE’s  ou tpu t,  wh ich  may be  affected  by coupl ing  
l osses  in ternal  to  the  NE.  Even  though  the  equ ipment i s  exempt from  compl iance  i n  th is  
particu lar case,  the  NE  vendor shal l  suppl y a  cl ear speci fication  of the  equ ipment’s  transm it  
power l evels  at the  NE’s  ou tpu t so  that i t  can  be  properl y eng ineered  i n to  the  network.   
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5.7.2  Transmit power accuracy  

Transm i t power accuracy i s  the  accuracy of the  actual  transm itted  power re lati ve  to  the  
provis ioned  value  for transm i t power.  Transm i t power accuracy is  va l i d  over a  temperature  
range  defined  by the  operating  temperature  range.  

5.7.3  Transmit power step  size  

Transm i t power step  s ize  speci fies  the  m in imum  change i n  the  provisioned  ou tpu t power level  
that  the  transm i tter must  support.  When  chang ing  the  provis ioned  ou tpu t  power l evel  by the  
transm i t power s tep  s i ze,  the  actual  transm it power l evel  shal l  nom inal l y respond  by the  
transm i t  power step  s ize  for each  step  over the  en ti re  transm itter power l evel  range.   

5.7.4  Transmitter frequencies   

The transm i tter frequencies  speci fy the  m in imum  set of frequencies  on  wh ich  the  cen tre  
frequency of the  transm i tter may be  p laced .  On  the  forward  channel ,  the  cen tre  frequencies  
are  segmented  i n to  6  MHz ranges.  The  return  channel  i s  segmented  in to  4  MHz ranges.  At a  
m in imum,  vendors  must support one  6  MHz forward  band  and  one  4  MHz return  band .  

Both  the  forward  and  return  channels  requ ire  the  transm i tter to  be  d ynam ical l y ag i le  over the  
speci fied  set of frequencies.  A d ynam ical l y ag i l e  system  al l ows  the  user to  se lect and  set the  
transm ission  frequency i n  real -time wh i l e  the  product i s  i n  use.  The  speci fic mechan ism  used  
to  implement ag i l i ty i s  left to  the  vendor.   

5.7.5  Transmitter frequency step  size   

This  is  the  al l owed  carrier frequency i ncrement for tun ing  purposes.  Th is  does  not impl y that  
carriers  may be  p laced  one  step  apart.   

5.7.6  Transmitter frequency accuracy 

The accuracy of the  actual  transm i tted  centre  frequency re lati ve  to  the  provis ioned  value  for 
that  frequency.  The  output frequency accuracy i s  va l i d  over a  temperature  range  speci fied  by 
the  operati ng  temperature  range  speci fication ,  over the  fu l l  frequency range  of the  transm itter 
and  over the  fu l l  range  of powers.   

5.7.7  Transmitter conducted  spurious   

Transm i tter conducted  spurious  refers  to  conducted  em iss ions  ou ts ide  of the  operating  
channel  bandwid th .   

5.7.8  Spectral  shape  

Transm i tted  power ou tside  of the  channel  wid th  shal l  be  attenuated  accord ing  to  the  spectra l  
em ission  and  spurious  tone  speci fications.  The  channel  wid th  is  the  spectral  wid th  of the  
channel .   

5.7.9  Transmitter out-of-band  noise  suppression   

This  is  a  carrier-to-noise  speci fication  covering  noise  outs ide  of the  transm i t channel  and  
refers  to  the  tota l  noise  power as  measured  wi th  a  4  MHz measurement bandwid th .   

5.7. 1 0  Transmit nominal  impedance  

The transm it nom inal  impedance  i s  the  impedance i n to  wh ich  the  transm i tter i s  des igned  to  
l aunch .   
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5.7. 1 1  Transmit return  loss  

The transm i t return  l oss  is  the  ratio  of the  transm i tted  s ignal  power to  the  reflected  s i gnal  
power at the  transm itter.  The  transm i t return  loss  shal l  meet or exceed  the  speci fication  at a l l  
frequencies  i n  the  measurement range.  

Head-end  Element  (HE)  

The transm it  return  loss  shal l  appl y over the  forward  path  band .  

Transponder 

Dual  port   Return  l oss  speci fication  appl ies  to  the  RF  transm i t port  of dual  port devices  i n  

the  frequency range  defined  by the  return  path  band .   

Single  port  Return  l oss  speci fication  appl i es  to  the  common  RF  port  of s i ng le  port  devices  
i n  the  frequency range  defined  by the  fu l l  path  band .  

In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  is  no  practical  way to  measure  transm i tter return  l oss  of the  
transponder,  on l y the  return  l oss  seen  at the  NE.  However,  the  embedded  transponder shal l  
not degrade  the  overal l  transm i t return  l oss  at the  NE.  Even  though  the  equ ipment i s  exempt 
from  compl iance  i n  th is  particu lar case,  the  vendor shal l  sti l l  suppl y a  cl ear speci fication  of the  
equ ipment’s  transm i t retu rn  l oss  so  that i t  can  be  properl y eng ineered  i n to  the  network.   

5.7. 1 2  Maximum ramp-up time  

The maximum  ramp-up time is  the  maximum  time  the  transm itter can  take  to  go  from  1 0  %  of 
fu l l  ou tpu t peak power to  90  %  of fu l l  ou tpu t peak power.  Th is  quanti ty i s  importan t because  of 
the  burst transm ission  nature  of the  channels  i nvolved .   

5.7. 1 3  Maximum ramp-down  time   

The maximum  ramp-down  time  is  the  maximum  time the  transm i tter can  take  to  go  from  90  %  
of fu l l  ou tpu t peak power to  1 0  %  of fu l l  ou tpu t peak power.  Th is  quan ti ty i s  important because  
of the  burst transm iss ion  nature  of the  channels  i nvolved .   

5.7. 1 4 Transmitter front  porch  time   

Front porch  time speci fies  the  time fo l lowing  ramp-up but  before  s tart  of data  transm ission .  
During  the  fron t porch  time the  transm i tter rests  on  ‘mark’ .   

5.7. 1 5  Receive  power dynamic  range   

The receive  power d ynam ic range  is  the  range  of received  power over wh ich  the  receiver i s  
guaran teed  to  meet b i t  error rate  (BER)  and  carrier to  noise-plus- in terference (C/(N+I ))  

speci fications.  (see  5. 7. 1 8).  I t  i s  expressed  i n  dB(µV).   

In  the Type 3 case where an  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  is  no  practical  way to  measure  the  receiver power range  of 
the  transponder,  on l y the  power seen  at the  managed  NE’s  RF  i npu t port wh ich  may not equal  
the  power seen  by the  i n ternal  transponder because  of coupl i ng  l osses  i n ternal  to  the  network 
e lement.  Even  though  the  equ ipment i s  exempt from  compl iance  in  th is  particu lar case,  the  
vendor must s ti l l  suppl y a  clear speci fication  of the  equ ipment’s  receive  power range  at  the  
network e lement’s  i nput so  that i t  can  be  properl y eng ineered  i n to  the  network.  
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5.7. 1 6  Receive  tun ing  range  

The receiver frequencies  speci fy the  m in imum  set of frequencies  on  wh ich  the  centre  
frequency of the  receiver can  be  p laced .  On  the  forward  channel ,  the  cen tre  frequencies  are  
segmented  i n to  6  MHz ranges.  The  return  channel  i s  segmented  in to  4  MHz ranges.  At a  
m in imum,  vendors  shal l  support one  6  MHz forward  band  and  one  4  MHz return  band .   

Both  the  forward  and  return  channels  requ ire  the  receiver to  be  the  receiver frequency in  real -
time wh i le  the  product i s  i n  use.  The  speci fic  mechan ism  used  to  implement ag i l i ty i s  l eft  to  
the  vendor.  

5.7. 1 7  Receiver frequency step  s ize   

This  is  the  al l owed  carrier frequency i ncrement for tun ing  purposes.  Th is  does  not impl y that  
carriers  may be  p laced  one  step  apart.  

5.7. 1 8  Receive  C/(N+I )   

The receive  C/(N+I )  i s  the  m in imum  ratio  of the  received  s ignal  power to  the  received  noise  +  
i n terference  power at the  receiver i npu t,  measured  across  the  fu l l  channel  frequency wid th ,  
requ i red  to  ach ieve  the  speci fied  BER.  I t  i s  va l id  across  the  en ti re  d ynam ic range  of the  
receiver and  over the  temperature  range  speci fi ed  for the  equ ipment.  I t  i s  a lso  va l i d  
regard less  of what other s ignals  are  present on  the  cable  p lant,  as  long  as  they meet the  
selecti vi ty speci fication  described  i n  5. 7. 1 9.  I t  i s  measured  on l y i n  the  presence of Gaussian  
noise.  Impu lse  noise  i s  not  i ncl uded  when  measuring  the  receive  C/(N+I ).   

5.7. 1 9  Receiver selectivi ty  

Selecti vi ty measures  the  receiver’s  abi l i ty to  rej ect a  nearby carrier.  I t  i s  the  ratio  of the  power 
of an  i n terfering  conti nuous  wave (CW)  carrier to  the  received  i n -band  power.  The  i n terfering  
carrier i s  l ocated  at a  speci fic frequency re lati ve  to  the  receiver’s  cen tre  frequency.  The  
receiver must meet the  C/(N+I )  speci fication  g i ven  i n  5. 7. 1 8  in  the  presence of any in terfering  
carrier,  wh ich  meets  the  selecti vi ty cri teria.   

5.7.20  Receive  nominal  impedance   

The impedance for wh ich  the  receiver is  des igned .   

5.7.21  Receive  return  loss   

The receive  return  l oss  i s  the  ratio  of the  received  s ignal  power to  the  reflected  s i gnal  power 
at  the  receiver measured  over the  speci fied  frequency range.   

Head-end  Element  (HE)  

The receive  return  loss  appl ies  over the  retu rn  path  band .  

Transponder 

The receive  return  loss  appl i es  as  fol lows:   

Dual  port   The  return  l oss  speci fication  appl ies  to  the  RF  receive  port of dua l  port devices  

i n  the  frequency range  defined  by the  forward  path  band .   

Single  port  The  retu rn  l oss  speci fication  appl ies  to  the  common  RF  port of s i ng le  port  
devices  i n  the  frequency range  defined  by the  fu l l  path  band .  
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In the Type 3 case where a  NE such as a  fibre node,  amplifier or power supply,  has built-in  
transponder functionality,  the equipment is exempted from complying with this particular 
parameter.  I n  such  a  case,  there  is  no  practical  way to  measure  the  receiver return  l oss  of the  
transponder,  on l y the  return  l oss  seen  at the  NE.  However,  the  embedded  transponder shal l  
not degrade  the  overal l  receive  retu rn  loss  at the  NE.  Even  though  the  equ ipment i s  exempt 
from  compl iance  i n  th is  particu lar case,  the  vendor shal l  sti l l  suppl y a  cl ear speci fication  of the  
equ ipment’s  receive  return  l oss  so  that i t  can  be  properl y eng ineered  i n to  the  network.   

The  network eng ineer may need  to  add  loss  at the  transponder’s  coupler i n  order to  ach ieve  a  
return  l oss  that i s  sufficien t to  avoid  impacting  other services  offered  i n  the  band .  

5.7.22  Transmitter s lew rate  

The s lew rate  describes  how qu ickl y the  transm itter moves  from  transm itti ng  a  log ica l  ‘ 0 ’  to  a  
l og ical  ‘ 1 ’  and  vice  versa.  For both  the  forward  and  return  channels ,  the  transm itter’s  
trans i ti on  time  between  b inary states  must be  con trol l ed  to  ensure  that the  s ignal  frequency i s  

wi th in  1 3, 4  kHz (=  2∆f ×  1 0  %),  for a  ∆f =  67  kHz,  of the  i n i tia l  and  fi nal  va lues  of +∆f or –∆f,  
wi th in  the  speci fied  time.   

5.7.23  Transmitter on /off ratio  

The  transm i tter on/off ratio  i s  the  ratio  between  the  ‘on ’  transm i tted  power and  the  ‘off’  
transm itted  power.  

5.7.24 Modulation  techn ique  

The  modu lation  techn ique  is  the  method  by wh ich  d i g i ta l  i n formation  i s  impressed  i n to  the  
analog  channel .  I n  th is  case,  the  modu lation  i s  b inary frequency sh i ft  keying  (FSK)  wi th  

the  two sh i ft  tones  at ±∆f from  the  cen tre  frequency.  A l og ical  ‘ 1 ’  i s  mapped  to  the  upper of the  
two sh i ft frequencies  and  a  log ica l  ‘ 0 ’  i s  mapped  to  the  lower of the  two  sh i ft frequencies.  The  

notation  fc  denotes  the  cen tre  frequency of the  channel  and  ∆f denotes  the  FSK frequency 

sh i ft.  The  ‘mark’  ( log ica l  ‘ 1 ’ )  frequency is  f
1
= fc  +  ∆f and  the  ‘space’  ( l og ical  ‘ 0 ’ )  frequency i s  

f
0  
= fc  −  ∆f.   

5.7.25 Bi t  rate  

The  bi t  rate  is  the  nom inal  transm ission  rate  for the  channel .  

5.7.26  Bi t  rate  accuracy  

The  b i t  rate  accuracy is  the  maximum  deviation  from  the  provis ioned  va lue  of the  b i t  rate.  I t  i s  
va l i d  over the  fu l l  temperature  range  speci fied  for the  equ ipment.   

5.7.27  Transmitter power del ta  between  ‘mark’  and  ‘space’  

The transm i tter power del ta  between  ‘mark’  and  ‘space’  i s  the  d i fference  between  the  peak 
power of the  ‘mark’  s ignal  and  the  peak power of the  ‘space’  s ignal .   

5.7.28  Transmission  duplexing  

This  speci fies  whether a  device  supports  fu l l -duplex or ha l f-duplex operation .  

5.7.29  Transmission  mode  

The transm ission  mode describes  the  overal l  mode  i n  wh ich  the  phys ica l  l ayer transm its  data.  
Bytes  on  both  the  forward  and  return  channels  are  transm itted  asynchronousl y.  Both  the  
forward  and  return  channels  are  packet-based ;  however,  they d i ffer i n  how they hand le  the  
gaps  between  packets .  On  the  forward  channel ,  the  transm i tter i s  conti nuous l y on .  I t  rests  on  
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‘mark’  between  packets .  I n  con trast,  the  return  channel  transm i tter turns  off between  packets.  
I t  does  th is  to  support mu l ti p le  access  on  the  many-to-one  return  channel .   

5.7.30  RF  connector 

This  speci fi es  the  type  of RF  connector that shal l  be  supported .  Support for an  RF  connector 
option  depends  on  the  transponder type  as  defined  i n  Table  1 .   

5.7.31  Operating  temperature  range  

Th is  speci fi es  the  m in imum  set of temperatures  over wh ich  HMS compl ian t transponders  shal l  
operate  and  meet th is  speci fication .   

5.8  Media access  control  l ayer in terface  

The PHY layer del i vers  bytes  to  and  from  the  Med ia  Access  Control  (MAC)  Layer based  on  i ts  
detection  of the  i ncom ing  s i gnal .  The  exact method  for de l i vering  these  bytes  i s  l eft  to  the  
vendor.  The  physical  layer cou ld  a lso  del i ver an  i nd ication  of ‘ i nsufficien t  power’  to  ind icate  
periods  during  wh ich  the  qual i ty of the  received  s i gnal  i s  too  low to  rel i ably detect b i nary 0 ’ s  
and  1 ’s .  The  MAC l ayer can  use  th is  i n formation  to  he lp  i t  determ ine  the  beg inn ing  and  end  of 
packets.  The  exact method  for declaring  ‘ i nsufficien t power’  i s  left  to  the  vendor.   

5.9  RF  cut-off 

RF cut-off i s  requ ired  on  the  return  channel  to  shu t down  transponders  that  have  fa i l ed  wi th  
thei r transm i tter ON .  A transponder i n  th is  state  i s  often  referred  to  as  a  ‘babbler’ .  RF  cu toff 
shal l  be  i nvoked  au tomatical l y to  ensure  a  transponder shal l  never l eave  i ts  transm itter ON  for 
more  than  1  s  after i t  has  been  enabled  or when  a  message  is  received  from  the  head-end  
i nd icati ng  that the  RF  outpu t shou ld  be  cu t off.  The  cu t-off time shal l  be  such  that,  after taking  
i n to  account timer i naccuracy,  the  RF  transm i tter shal l  be  cu t  off wi th in  1  s  after i t  has  been  
enabled .  The  cu t-off mechan ism  shou ld  protect against a l l  reasonabl y l i kel y fa i lu res  includ ing  
a  m icroprocessor fa i l u re.  When  cu t off,  the  transponder’s  RF  ou tput power shou ld  meet the  
on /off power speci fication  i n  5. 7 . 23.  RF  cut-off i s  not requ ired  on  the  forward  channel .   
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